Abstract: This article discusses German and European climate policy, inquiring mainly whether the ambitious goals the EU has set itself can be achieved via the instruments presently employed for the purpose and whether these instruments are efficient. In particular we discuss shortcomings of the European emission trading system, we further level criticism at energy policy measures, notably subsidization for renewable energy sources and the overlap with emissions trading. Further we argue that while 20% reduction of CO2 is feasible at a reasonable cost, derived targets such as a share of 20% of renewable energy and 20% efficiency increase is expensive and not necessary. Finally, we scrutinize the latest climate-protection package proposed by Germany's environment minister.
Introduction
With its '3 x 20' program the European Union has set itself ambitious energypolicy goals. '3 x 20' means that by 2020 CCUemissions are to be reduced by 20% relative to 1990, the share of renewable energies in overall energy consumption is to be increased to 20%, and the energy efficiency in the combustion of coal, oil, and gas is to be upped by 20%. By 2030 the aim is to reduce emissions by 30% and by as much as 60-80% if other industrial countries cooperate.
In this article I discuss whether these goals are realistic, whether they make sense, and what they are likely to cost. In particular, I shall be inquiring into the viability of the much-vaunted energy project undertaken by the last German government, the Renewable Energy Sources Act (EEG). My main contentions in the following are that subsidization of renewable energies is incompatible with emissions trading, that the differentiation of subsidy rates is inefficient, and that the subsidization of certain forms of renewable energy production does not stand up to a cost-benefit analysis.
The article is organized as follows: The next section examines the crucial findings set out in the Stern Review, notably assessment of the cost of abating greenhouse gases. Section 3 is a discussion of the way in which markets can fail. In section 4 I describe what the ideal case of environmental policy regulation would look like. Section 5 deals with the inadequacies of the present emissions trading system. Section 6 is a critical review of German and European poli cies aiming at the subsidization of renewable energies. In section 7 I discuss the latest EU resolutions for the reduction of C 02 emissions and in section 8 the concomitant measures planned by the German Federal government at the national level. Section 9 summarizes my thoughts on the subjects discussed.
The Crucial Findings of the Stern Review and the Fourth IPCC Report1
In 2006 a group of experts headed by the British economist Nicholas Stern at tempted to put a figure to the future economic damage caused by global warming and to compare this figure with the costs of abatement.1 2 Stern and his colleagues estimated that if economic activity goes on as it has so far, the future economic costs would be equivalent to between 5% and 20% of world GDP at present. The wide-ranging scope of this estimate is attributable to the equally wide range of assessments pertaining to the rise of the average temperature on the surface of the earth caused by C02 radiative forcing and its regional distribution. Accord ing to the fourth IPCC Report, stabilization of C 02 concentration at 450-550 ppm (parts per million) would require a global reduction of present-day C 02 emissions by 25%.3 For reasons of fair distribution the Stern Review recom mends that the major industrial countries should shoulder the major burden involved and curb their emissions by 60% to 80% by 2050. A crucial question in this connection is how much it would cost to achieve this goal. The an swer depends to a very large degree on the government measures taken. The Stern Review suggests that efficient allocation (i.e. equalization of the so-called marginal abatement costs4 across all sectors and all countries)5 would mean that not much more than 1% of annual global GDP would need to be sacrificed. Ger many's largest economic research institute, the German Institute of Economic Research (DIW),6 estimates that Germany would need to expend some 0.33% of its GDP to make a fair contribution to lowering European emissions by 20%. Less efficient allocation would however cause this figure to rise to between 0.85% and 0.95% of the German GDP. These figures show that allocation efficiency is extremely important to make ambitious C 02 reductions feasible at all.
Where Do Markets Fail?
To indicate the purpose and necessity of governmental interventions in the eco nomic process, it makes good sense to spend a little time discussing the circum stances under which markets may fail. Let us begin by asking when markets 5 This rule is explained in section 3. 6 See Kemfert et al. 2007. function well for the good of all. The so-called First Theorem of Welfare Eco nomics provides an answer. If all firms are relatively small and have no appre ciable influence on market prices, if there is sufficient information in all markets about prices, quantities, and qualities, and if, last but not least, no agent im poses any externality on another agent, then the play of market forces will lead to optimal welfare. Economists express this idea by saying that a competitive market equilib rium7 is Pareto-efficient.8 But ideal preconditions for this theorem are not al ways given. Not all companies are small. Some of them have market power and can indeed have an influence on prices. Secondly, information deficits prevail in certain markets, and (thirdly) external effects do occur in the production of certain goods. External effects are actions influencing other economic agents (households or companies) in a positive or negative way where no compensation for those effects is paid. Examples of negative external effects are impairments from pollution and strain on the environment. Examples of positive external effects are the beauty of historical buildings or the education level of the popu lation.
If optimal allocations are thwarted by these three eventualities (market power, information deficits, external effects), economists refer to this as market failure. Such failure can be countered in various ways. The job of the cartel authori ties, for example, is to regulate excessive market power. Environmental policy, for its part, sets out to 'internalize' external effects. This does not mean that external effects have to be eliminated altogether, merely reduced (or raised) to a best-possible level. In the case of market failure caused by imperfect informa tion, the state can also assist on occasion, e.g. by supporting consumer-safety organizations like Germany's Stiftung Warentest. But particularly in cases of asymmetric information the state is frequently unable to intervene because in many instances its knowledge is as imperfect as that of the individual economic agents.
The Ideal Case of Regulation via Environmental Policy
To get a better idea of the efficiency or inefficiency of certain political measures, let us first of all look at ideal-type regulation in its simplest form. For this purpose we consider a number n of sources of a homogeneous pollutant, each emitting quantities of that pollutant amounting to e*. Total emissions of this n pollutant are then given by E = e*. We assume that the damage depends i= 1 entirely on the sum of the emissions and is quantified by a monetarized dam age function D(E) converting the damage caused by emissions into monetary 7 A competitive market equilibrium is an allocation of goods quantities and production factors that best satisfies the needs of consumers under the given prices and budget, maximizes firms' profits, and represents a state of affairs in which supply and demand equal one another in all markets.
8 An allocation is Pareto-efficient if it is impossible to make one person better off without making at least one other person worse off. units.9 Suppose this damage function is increasing and (weakly) convex in E. This means that the marginal damage (the damage caused by the last unit of pollutant) will increase (or at least not decrease) if a higher degree of pollutant emissions occurs. But the reduction or abatement of pollutants by the emitters will itself incur costs. So let ACi(ei) express the opportunity costs caused by abatement on the part of emitter i, if i restricts his pollutant emission to e* units. These costs may either be the costs of acquiring and operating abatement technologies or quite simply costs caused by adjusting (reducing) output and hence losing out on the profit side. Let the abatement cost functions of the indi vidual emitters be decreasing and convex ine*. In other words, the costs will rise disproportionately, the more the emitter does to restrict his pollutant emissions. The overall social costs are then the sum of the abatement costs plus the societal damage caused by the sum of the pollutants emitted. Put in a formula this can be expressed as follows:
i= 1 If a fictitious social planer minimized these overall social costs in terms of the output of emissions by the individual emitters and the total pollution level E, we would obtain two important efficiency conditions: First, the marginal cost10 1 1 of abating one more unit at polluting source 1 should be as large as the marginal cost of abating one more unit at polluting source 2. In other words, it should be equally expensive at any source of pollution to reduce a further unit. If this were not the case, but it would cost 10€ to reduce the last unit at source 1, but 20€ to reduce the last unit at source 2, the whole economy could save costs, by letting polluter 2 reduce one unit less and polluter 1 to reduce one unit more, so that the total pollution levels stays the same.
The second efficiency-condition requires that the marginal cost of abatement is equal to the marginal damage caused by the pollution. Note that the marginal damage of pollution can also be interpreted as the society's marginal willingness to pay for reducing pollution by a further unit. This rule 'marginal abatement cost equals marginal damage' is intuitive: if the rule is satisfied, society's will ingness to pay for further pollution reduction is exactly as large as it costs to reduce pollution by a further unit.
The two efficiency-conditions are illustrated in Figure 1 for the case of two emitters. The figure also shows the aggregate marginal abatement cost curve de riving from horizontal aggregation of the individual marginal abatement costs.11 Note that in the social optimum the aggregate marginal abatement cost curve 9 In many cases monetarized damage can also be interpreted as the willingness of those affected to pay for prevention of the damage.
10 The concept of marginal cost is crucial in economics. The marginal cost of abatement is the additional cost of abating one more unit. Marginal abatement costs are not constant in general, but depend on the level of abatement (or the pollution level), that has already been achieved.
11 Aggregating means 'adding up'. In case of marginal abatement cost, all emissions that have the same individual marginal abatement costs are added up to achieve the aggregate marginal abatement cost curve. also intersects with the marginal social damage curve. Accordingly, we can sim plify the optimality rule and express it as 'social marginal damage equals social marginal abatement costs'. So how can efficient allocation be achieved by regulation and decentralized decision-making? The first possibility is to impose on the emitters a tax equiva lent to the marginal damage for each unit of pollutant emitted, also indicated in Figure 1 . If the companies behave in a cost-minimizing way. they will abate their emissions precisely to the extent that will make their marginal abatement costs equal to the tax rate.12 If the government makes the tax equivalent to socially optimal marginal damage (at the intersection of the aggregate marginal abate ment cost curve and the marginal damage curve), the socially optimal allocation will result automatically from decentralized decisions (see Figure 1) .
Instead of establishing a price for emissions administratively, the government can also stipulate the maximum amount of emissions and leave it to the market to allocate these efficiently to the emitters. This is where the idea of emission trading comes in. Either the government auctions off the number of emission certificates it considers optimal, or it distributes them to the emitters free of charge. Then the latter can efficiently redistribute the emission certificates. If all emitters are relatively small and thus will not be able to influence the market price for certificates, then the effect of such a price is no different from that of a tax. Firms will abate emissions to the degree where the marginal abatement costs are precisely equivalent to the market price of emission certificates. If the government has issued precisely the number Z of certificates that corresponds to the optimal incidence of emissions, i.e. Z = Eopt, then the market price for emissions must in its turn be equivalent to optimal marginal damage. Here again the social optimum will be achieved in a decentralized way. This state of affairs is also shown in Figure 1 .
As we have seen, price and quantity instruments are equivalent, provided the regulating bodies know all there is to know about the relevant factors and functions involved. In reality, of course, the regulating authorities do not have perfect knowledge of the factors involved, notably the emitters' abatement costs. Theoretically it is possible to demonstrate (Weitzman 1974 ) that in the case of imperfect information on abatement costs and a relatively steep marginal dam age curve, a certificates policy (i.e. one that dictates the quantity of emissions) will lead to less expected welfare loss than an emissions tax. The point here is that a very steep marginal damage curve implies that fluctuations in emission quantity may lead to very considerable damage, so that it is essential to impose a restriction on quantity. But if the marginal damage curve is relatively flat in comparison with the marginal abatement costs, then the opposite will be the case. In the case of an economic boom, fluctuations in the demand for certificates caused, say, by cyclical fluctuations, may generate a steep increase in industrial abatement costs as a result of strong rises in certificate prices. With an emissions tax such cost increases would be far less dramatic. In the presence of a relatively flat damage function, on the other hand, the additional environmental damage caused by additional emissions would be relatively slight. In this case expected welfare loss would be lower with a tax than it would be with certificates.
Of course, taxes and certificates will only be efficient if they are consistently implemented by the authorities and not distorted or diluted by exemptions. Particularly in connection with free allocation, the potential for error is consid erable. For example, one question that poses itself is whether certificates should be allocated free of charge in all cases, notably in the case of new market en trants or capacity extensions. Another moot point is what should be done with certificates that a company no longer requires after closing down one of its sites. Would it have to return them to the state, or could it sell them on the market? From an allocation viewpoint these questions can be answered quite categori cally. All companies entering the market for the first time or extending their capacities should have to acquire all (additional) certificates required from the market. In both cases, free allocation would be equivalent to a subsidy leading to excessive market entry. Secondly, companies leaving the market should not be dispossessed of their certificates, as this might artificially delay company closure if the market value of the certificates is high.13,14 1 3 1 4 13 On this point see Graichen and Requate 2004. 14 On the American market for S02 emission certificates this regulation has indeed been implemented in a way that is fully in line with economic theory. Companies (or their legal successors) that have benefited from free allocation of certificates are granted them for a further Matters are more complicated with respect to dynamic incentives for firms to develop and adopt new technology. Here a permit regime can provide too little incentives to invest, since investment of some firms induces lower prices on the permit market which in turn provides less incentives for other firms to also invest.15 This problem can be solved, however, if the government implements a flexible permit system: The government could auction off a flexible number of permits and set a minimum price. This would imply that the government is ready to buy back a certain amount of permits if the permit price falls below a certain threshold.16
The Shortcomings of the European Emission Trading System
As is only to be expected, the practical implementation of emission trading the ory is still imperfect. One problem is that there is an imbalance between the sectors forced to participate in emission trading (ETS sectors,17 notably energy producers, the cement, brick, and ceramics sector, and paper and cardboard manufacturers) and those either excluded from trading or no longer affected by compulsory participation (non-ETS sectors, above all transport and private households, which are regulated differently). As we have seen in section 4, al location efficiency requires equalization of marginal abatement costs among all emitters and hence across all sectors. Accordingly, in terms of marginal abate ment costs there is a major gap between ETS and non-ETS sectors. Calculations by the Kiel Institute for World Economy indicate that marginal abatement costs in the non-trading sectors are eight to ten times as high as in the trading sec tors.18 The EU directive on emission trading stipulates that every country has to say how it intends to fulfill its self-imposed Kyoto commitment, notably what measures it intends to take to ensure C 02 reduction in the non-ETS sectors.19 If sectors where the reduction of emissions is comparatively cheap are allowed to emit more C 02, this will disadvantage other sectors where it is comparatively expensive to reduce C 02 emissions, and the overall economic abatement costs are bound to rise accordingly. Figure 2 shows the discrepancy between the Kyoto targets of the various EU countries and their actual emissions. We see from this that in Germany the target and the actual situation are quite close to one another due to the reduction of economic activity in what was once the GDR and that the United Kingdom is at present overachieving the target. By contrast, countries like Belgium, the thirty years after close-down of an operating unit, whereas market newcomers have to acquire all the certificates required from the market. Figure 3 provides a partial explanation for these discrepancies. Here we see the percentage of reductions to be achieved via emissions trading, CDM projects,20 and other national measures. For example, the German allocation plan sets out to achieve only 20% of emission reductions in the sectors obliged to engage in emissions trading, although over 40% of the emissions come from these sectors and the marginal abatement costs are lower there than in the other sectors where an 80% cut down on emissions is planned. Finland, Portugal, and above all Italyeven allow for increased emissions in the ETS sectors over and against the 1990 figures. Here the substantial reductions envisaged are to be achieved in the other sectors. If we compare these targets with the discrepancy between overall 2U CDM -Clean Developm ent M echanism . CDM projects are projects leading to emissions reductions in developing countries. DU com panies can claim credits for such reductions at hom e and have them converted into em issions certificates. reduction targets and actual emissions in Figure 2 . it seems highly unlikely that Italy will be able to honor the commitments it entered into by ratifying the Kyoto Protocol. Much the same applies to Spain. Portugal, and Ireland. A major weakness of the EU policy is that it provides no incentives to cut down emissions in the non-ETS sectors and that no sanctions are envisaged if this does not happen. One way out of this dilemma might be to include the major non-ETS sectors in emissions trading. In transport and private households C 02 emission is largely determined by fuel use. Accordingly, inclusion of these sectors could take place via the fuel wholesalers, who could be forced to hold a certificate for each unit of fuel producing a ton of C 02 through combustion. Of course, inclusion of the relevant sectors in emissions trading would involve an increase in fuel prices, as the costs for emission certificates would be tacked on to the fuel prices. But here excessively high fuel prices could be avoided by scrapping green taxes and reducing mineral oil taxes. The resulting revenue gap could then be offset by auctioning certificates.
At the same time, increased demand for emission certificates can be expected to increase the prices for them. But these higher prices would lead to greater abatement efforts in the present ETS sectors. Alternatively, one might do with out emissions trading and impose a uniform C 02 tax on all C02 emissions. A policy change of this kind is however highly unlikely now since major efforts have been made to get emissions trading off the ground and the Obama ad ministration is contemplating the introduction of C 02 emissions trading in the USA.
As set out above, inequitable distribution of reduction burdens between ETS and non-ETS sectors (provided the reductions are carried out as planned) in duces higher overall economic costs than are necessary to achieve the emissions target envisaged. The Kiel Institute for World Economy estimates short-term welfare losses of 0.7% of the GDP if abatement efforts are efficiently allocated. Under National Allocation Plan I21 they would be almost four times higher (2.5% of GDP).22 These discrepancies stem mainly from the imbalance between ETS and non-ETS sectors. Further distortions are caused by the unfortunate allocation and trading rules on emission certificates in the ETS sectors, for ex ample free allocation for new entrants and generous allocation of permits to C 02 intensive sectors.
Another drawback of the present emissions trading system is its lack of in tertemporal flexibility. For example, the system prohibits companies from saving 'surplus' certificates from a given year, or even from the first trading phase, for use in the future (or in the second trading period). On the contrary, the later a ton of C 02 is emitted, the later the effects on the climate will emerge. The technical term for this saving activity is 'banking', but major restrictions are imposed on it within the individual trading phases. Certificates from one year can only be used in the first quarter of the following year. The argument brought forward against banking was that it might prevent the Kyoto commitments from being honored between 2008 and 2012. But this argument is unconvincing, as the target might have been over-fulfilled in 2007 and, as mentioned earlier, a delay in the emission of C 02 would have done no damage to the global climate.
Promoting Renewable Energies
I now come to the favorite environment policy project of the former SPD/Green German government and still a showcase project of the current German gov ernment: the promotion of renewable energies. The Law on the Promotion of Renewable Energies (EEG) provides for differentiated, fixed rates of remuner ation for the infeed of power stemming from wind-power plants, photovoltaic energy, power-heat cogeneration, and biomass combustion. This remuneration is paid initially by the mains operators receiving power from these sources. As the conditions for wind power plants are more favourable in the north of Ger many than in the south, there are equalization payments between the mains operator so that all energy concerns contribute to the financial burdens imposed by feed-in remuneration in proportion to their share of the energy market. As the energy companies have to pay a great deal more for this power than they would if they produced it themselves, they pass on the additional costs to the consumers. The amount of feed-in remuneration is geared to the efficiency of production, in line with the rule 'the more inefficient you are in producing electricity, the higher your subsidies will be'. Accordingly, operators of land wind-power plants receive 5.5-8.7 cents per kilowatt hour, depending on location (operators at less favorable locations get higher remuneration), while the feed-in rate for offshore plants is 15 cents. Operators of biogas plants receive 8.4-11.5 cents for the elec tricity they contribute, power-heat cogeneration operators 1.2-5.1, and owners of photovoltaic plants between 32 and 43 cents (in the past as much as just under 60 cents). Although the wind-power and photovoltaic lobbies invariably insist that feed-in remunerations are not subsidies, in real terms this is in fact the case, even though in Germany (unlike the Netherlands and other EU states) they are not paid directly by the government.
From the allocation point of view it makes no difference who puts up the money for these subsidies, or who passes it on to the plant operators. Subsi dies are normally criticized by economists because in most cases they lead to distortions. According to EU legislation they are usually not even permissible. However there are external effects involved in energy production, and the agents causing these effects pay nothing (or too little) for them. Accordingly, the ques tion that poses itself is whether in a so called 'second-best world'23 subsidies for environment-friendly technologies may not be justified after all, if the prices imposed on C 02 emissions do not reflect the true marginal damage.24 Indeed, Bläsi and Requate (2009) show that in such a situation subsidies can close the 23 Economists refer to second-best solutions if the economy's maximum welfare cannot be attained, but certain constraints have to be considered. For example, it may not be feasible to tax CO2 emissions according to the true marginal cost (see next footnote). In this case one can look for the next best (or second-best) solution to curb C02 emissions.
24 Environmental economists assessing climate damages estimate the global marginal dam age of a ton of CO2 at 30€ to 50€. See Tol 2002a; 2002b; 2005; gap between the marginal damage caused by C 02 and the actual price for emis sions. But the conclusion to be drawn from this is that a uniform price should be paid for all electricity feed-ins regardless of the production methods involved. Market forces will then guarantee that only the most efficient renewable-energy technologies will be used. Seen thus, a feed-in remuneration of approx. 6-8 cents per kilowatt hour would be justified, i.e. the present remuneration rate for elec tricity infeed from wind energy. In reality, however, a great deal more is paid for certain kinds of energy production, notably the photovoltaic variety. If we look at the marginal cost of abating C 02 by employing photovoltaic technology, the IEA (see IEA 2008) has even calculated a figure of around 1000€ per ton. More over, we must proceed on the assumption that in the near (and more remote) future photovoltaic energy will hardly be competitive at feed-in remuneration rates lower than 10 cents. Accordingly, subsidization for this technology is com pletely nonsensical in economic terms. It is also more than doubtful whether the promotion of offshore wind power would stand up to cost-benefit analysis. The 'dena'-study (see dena 2005) calculates specific marginal abatement costs of 95€ to 168€ per ton for offshore wind-power plants, whereas experts calculate the marginal damage to be 50€ at the most.25
Interestingly, formerly communist-governed Poland now also has a system of feed-in remuneration for electricity from renewable resources. The rate here is approx. 8 cents, regardless of the power source and the technology with which it is produced (in Poland most of it comes from biomass combustion). In Poland, the market decides which technologies are used. This policy is a great deal more efficient than the system of differentiated feed-in rates we find in Germany and various other European countries.
After the introduction of emissions trading in Germany in 2005, the then minister of Economic Affairs Wolfgang Clement called for a review of feed-in re munerations for electricity from renewable energies, arguing this being in conflict with emissions trading. Indeed, emissions trading and feed-in remunerations are incompatible with one another. The original purpose in promoting renewable energies was to lower conventionally produced electricity and with it C 02 emis sions. But the introduction of emissions trading imposed a ceiling for the total amount of emissions. If more electricity from renewable energies is fed into the mains, the effect of renewable energy capacity extensions on the C 02 emissions is almost nil, unless the price for emission certificates has dropped to zero. It is indeed true that the demand for C 02 emission will initially drop if more elec tricity from renewable resources arrives on the market. But this also lowers the price for certificates, thus giving the companies forced to participate in emissions trading fewer incentives to abate C 02 emissions. Emission certificates no longer required by a company are sold to other companies, so the overall emissions stay the same. In other words, the C 02 emissions reduced in one place (e.g. on the coast) by the use of renewable energies are offset in other places. And this shifting of emissions has no effect whatsoever on the global climate.
The situation would be different if emissions were regulated by an emission tax rather than in terms of the overall amount. Model-theoretic considera 25 See last footnote.
tions indicate that in such a case subsidies for renewable energies would indeed lower C02 emissions from conventional electricity production (see Bläsi/Requate 2009) . To adhere to emissions trading and produce a positive environmental effect at the same time, it would make sense to bolster the price of emission cer tificates via an open-market policy. This means that the EU would have to buyup certificates from the market to maintain the price for emission certificates. This really would reduce C 02 emissions.
Despite these problems, defenders of the feed-in-tariff system argue that these kinds of subsidies are necessary to promote C 02-free technology, and they stress the long term effects of such measures. Wind power and photovoltaic technol ogy would otherwise have no chance to penetrate the market. They also argue that there are strong learning effects in the production of wind turbines and photovoltaic panels, and that these learning effects can only be realized if gov ernments boost the demand for such equipment. Finally Diekmann and Kemfert (2009) argue that promoting renewable energy shifts down the economy's aggre gate abatement cost curve, and as a consequence less permits need to be issued in future permit trading phases, in particular in the years after 2012. These arguments are not quite sound. First of all, in contrast to wind power, which certainly has a good chance to be become a major source of energy production in the future even at market prices, this is much different for technologies such as photovoltaic energy. Due to increasing scarcity and therefore increasing world market prices of silicon, a major compound for producing such panels, a sharp decrease of production cost is unlikely. My forecast is that photovoltaic energywill never become competitive due to its low energy-production efficiency. It will rather be leap-frogged in other countries and substituted by much different and more efficient technologies such as parabol solar power plants. Put differently in economic terms, subsidizing technologies such as photovoltaic energy-today ignores the option value to wait for better, more efficient technology-coming up in the future. One euro invested in photovoltaic energy-today cannot be invested in better technology-in the future, and so cannot be used for research and development of better technology.
Secondly, the learning effect argument is weak too. Learning effects are present everywhere. Unless there are strong learning spill-overs, learning effects are fully internalized by the firms. Firms know they learn by increasing pro duction and are ready to accept prices below average cost in the early phase of production and marketing, but will make profits in the future and thus cover those early losses.26
Finally-the dynamic policy argument put forward by Diekmann and Kemfert (2009) is also questionable. Subsidizing renewable energy-is an expensive mea sure to shift down the (marginal) abatement costs, and thus demand for emission permits. It also turns the idea of emissions trading upside down. For the idea of emissions trading was to take advantage of the cheapest abatement opportu nities. By subsidizing particular forms of renewable energy-we exploit the most expensive forms of saving C 02 emissions. Moreover, other countries that do not pay these high feed-in tariffs will free ride on Germany' high subsidies.
The Latest EU Resolution
Under the German Council presidency in 2007 and motivated by the fourth IPCC Report (see Parry et al. 2007 ) and the Stern Review, the European heads of state and government have committed themselves to further measures summarized by the slogan '3 times 20'. First of all, emissions from the EU states are to be reduced by 20% by the year 2020. Secondly, energy efficiency is to be improved by 20%. Thirdly, the share of renewable energies in overall energy production is to be increased to 20%.
The question is whether this plan is rational and can be realized at an ac ceptable cost. The first goal (20% emission reduction) should be achievable at a cost of less than 1% of GDP, provided emission allocation and emission reduc tions are efficiently distributed, i.e. the marginal abatement costs for all emission sources are more or less equal. But there are grounds to doubt whether the EU will indeed be employing the instruments that would lead to efficient allocation. Whether these efforts are rational, given massive emission increases in China and other emerging countries, is an entirely different matter. Game theoretic models predict that the response to unilateral emission reductions by one party will be emission increases by other parties.27 In addition, while C 02-reducing measures in Europe will indeed initially lower the demand for fossil fuels, they will also lower prices for them. This will increase the demand for fossil fuels in other parts of the world and increase C 02 emissions there. This is also known as a leakage effect. By assuming that world energy supply is totally inelastic, Sinn (2008a; 2008b; 2008c) even goes so far as to claim that the effect would be 100%. This would mean that every ton of C02 reduction in Europe would be 100% offset by higher emissions in other parts of the world, though there is disagreement about the actual extent of the leakage effect. On the other hand, a pioneering initiative by Europe might also trigger a technological development that would be taken up by emerging states and developing countries. It is difficult to forecast which of these factors is likely to prevail.
But what of the two other goals, 20% energy efficiency enhancement and a 20% share of renewable energies? Basically, these targets are derivative goals, i.e. potential interim stages in the attempt to achieve overall emission reduction. Here the first question is what instruments are to be used to achieve an increase in energy production efficiency. So far, the EU has failed to come up with any proposals. Secondly, it is questionable whether the derivative targets will in fact encourage higher overall efficiency. If the EU-commission included all C 02-intensive sectors in emissions trading and at the same time reduced the upper emission limit by 20%, this would automatically provide incentives to achieve C02 emission reductions, not least via efficiency enhancement. Much the same is true in connection with the goal of increasing the share of renewable energies 27 See for example Hoel 1992; Barrett 2004 and more recently Sinn 2008a; b. to 20%. The use of renewable energies is indeed a potential way of reducing emissions. But it is doubtful whether an exact share of 20% would be costefficient. In an economic recession, emission reductions can be achieved with a lower share of renewable energy sources. In a boom, on the other hand, a higher percentage of renewable energies would be required to achieve the same emission goal. In fact, the aim of a 20% share for renewable energies looks very much like a relative standard defining emissions per unit of output. And one thing we know about relative standards is that they are rarely efficient.28
In short, the '3 times 20' program appears to be largely symbolic. Both a 20% increase in energy efficiency and the increase of the share of renewable energies to 20% could turn out to be an expensive way of achieving a 20% reduction of C 02 emissions. It would be much better to leave it to the market to determine how the economy can achieve a 20% reduction of emissions in an efficient manner.
The German Environment Minister's Measures for 40% Emission Reduction
After the EU summit 2008, the German environment minister quickly presented a large-scale program for no less than a 40% reduction of Germany's emissions by 2040. But most of these goals are not to be achieved via market-economic instruments but by statutory standards, such as heat insulation standards for buildings, fuel-consumption standards for vehicles, a ban on conventional light bulbs, and regulations for efficiency standards in power parks. Though no precise information is given on how the individual reductions are to come about, the assumption appears to be that emission coefficients (e.g. in power stations and cars) will improve, while the behavior of economic agents will stay the same until the standards have been achieved. But it is safe to predict some very considerable changes in behavior. For example, if the energy consumption of a light bulb is reduced to a quarter of what it was before, it is entirely rational for the consumer to leave the lights on longer because it has become a great deal cheaper to do so. Changes of behavior like this are also referred to as a 'rebound effects'. This effect expresses the percentage to which energy saving through improved technology is offset by increased consumption of the relevant service due to a reduction in variable costs. Wirl (1997) has shown that in theory this rebound effect may in fact be higher than 100%, i.e. the use of improved technology can actually lead to an increase in energy consumption and C 02 emission. In an empirical investigation, Frondel et al. (2007) estimate the rebound effect in the transport sector to be as high as 60%. In other words, a large proportion of efficiency increases goes for nothing as long as the prices for energy or C 02 do not rise. A similar rebound effect may also occur in the use of heating, etc.29 Another shortcoming of the Federal government's program for reducing C 02 is that it seriously violates the principle of equal marginal abatement costs. In 28 On this point see Ebert 1998 . The reason is that in general relative standards are not an incentive to economize on energy and hence lead to excessive energy consumption.
29 For an overview of rebound effects see Greening et al. 2000. addition, some of the goals, like increasing the share of renewable energies in elec tricity production, are again only derivative goals on the way to reducing C 02 emissions. As with the derivative goals of the EU, it is doubtful whether the en vironment minister's program is the most efficient way of achieving the real goal, emission reduction. Further efficiency enhancement of electricity production in power stations may be less costly than the massive promotion of renewable tech nologies. Accordingly, it would be better merely to set the emission goal in the form of an overall emissions limit, issue the corresponding number of emission certificates, and induce efficient allocation via market trading.
Summary and Conclusions
The purpose of this article was to examine the efficiency of European and Ger man environment and climate policy. The EU climate goals are very ambitious. This makes efficient allocation of the reduction measures doubly important, as European companies have to compete with companies from East Asia, an area where governments have not entered into any commitments in connection with C02 reduction. On the contrary: every year, China installs a power-station capacity equivalent to the entire annual power consumption in the United King dom. The main obstacle on the route to efficient C 02 reduction at the European level is the discrepancy in marginal abatement costs between sectors forced to participate in emissions trading and those not obliged to do so because they are subject to other measures. Marginal abatement costs outside the trading sector can be around 10 times higher than in the trading sector. Another error com mitted at the European level is the decision in favor of free certificate allocation as opposed to auctioning. This has given the member states too much freedom in devising the allocation rules, partly resulting in a high degree of inefficiency. It is fair to say, however, that starting in 2013 emission permits will be auctioned off in the entire EU. This article has also leveled criticism at the German policy for promoting renewable energies. First of all, subsidizing electricity feed-ins from these quar ters is incompatible with emissions trading, as electricity from renewable energy sources cannot lower C 02 without a simultaneous reduction of available certifi cates. Also, differentiation of feed-in tariffs according to the way electricity is produced will not divert the scarce resources to those areas where power from renewable sources is produced most efficiently. Finally, we have made a critical assessment of the latest measures by the EU and the German government to cut down on C02. In view of the rapid increase in emissions in south and east Asia, the imposition of numerous individual measures is likely to be unnecessarily ex pensive for the German economy while at the same time achieving little benefit for the global climate.
